Introduction {#s1}
============

The course of rheumatoid arthritis (RA) can vary from mild and non-destructive to severe and rapidly destructive.[@R1] [@R2] Although some clinical parameters at diagnosis, including inflammatory markers, baseline erosions, smoking, and in some studies, auto-antibody status, have been shown to be associated with the risk of radiographic progression (RP),[@R3] they have limited predictive power on an individual basis. Therefore, identification of new predictors would be beneficial for establishing the prognosis at an early stage and for optimally choosing therapy.

Various serum biomarkers have been studied as predictors of RP. For example, bone and cartilage metabolism turnover are found to be associated with RP of joint damage in patients with RA,[@R15] whereas high leptin and eotaxin levels, although being pro-inflammatory, are associated with better radiographic outcomes.[@R18] [@R19] To date, no single biomarker has proven to be highly reliable for predicting RP.[@R20] [@R21] Therefore, the use of combinations of biomarkers may be a more promising approach.

The multiple-biomarker disease activity (MBDA; Crescendo Bioscience Inc, South San Francisco, California, USA) score (range from 1 to 100) is based on serum levels of several biomarkers. The development of the MBDA score started with screening 396 candidate biomarkers and ended up with 12 that were combined into a score and shown to correlate well with disease activity.[@R22] This test is validated for clinical use in the USA as a disease activity marker in RA. Its value as a predictor of clinical and radiographic outcomes is currently the subject of several studies. Bakker *et al*[@R25] showed in the CAMERA study that the MBDA score correlated significantly (r=0.72; p\<0.001) with disease activity score based on C-reactive protein (DAS28-CRP). Hirata *et al*[@R26] observed an association of the MBDA score and its 1-year change with different clinical outcomes and Van der Helm-Van Mil *et al*[@R23] demonstrated that remission based on the MBDA score was associated with limited RP in patients with established RA on disease-modifying antirheumatic drug (DMARD) therapy compared with other clinical measures of remission.

We report a post hoc analysis of the Swedish Farmacotherapy (SWEFOT) randomised clinical trial in DMARD-naïve early RA (eRA), which featured an initial 3-month treatment with methotrexate (MTX) monotherapy. In patients whose disease did not respond to initial therapy, this was followed by a randomised comparison between non-biological triple DMARD therapy and MTX plus biological (anti-tumour necrosis factor (TNF)) therapy.[@R27] [@R28] The MBDA score was measured in baseline serum samples from patients included in the SWEFOT clinical trial and studied as a predictor of RP after 1 year.

Methods {#s2}
=======

Study population {#s2a}
----------------

This study was performed with data from the SWEFOT clinical trial, in which 487 DMARD-naïve patients with eRA (duration\<1 year) from 15 different clinics in Sweden started 3 months of MTX treatment. After 3 months of MTX monotherapy, those whose disease did not respond (DAS28\>3.2) were randomised into two groups: group A (n=130) received MTX combined with sulfasalazine (SSZ) and hydroxychloroquine (HCQ) (triple therapy), and group B (n=128) received MTX combined with infliximab. Approximately one-third of patients (n=145) had a good response after 3 months of MTX monotherapy (DAS28≤3.2) and they continued the treatment for 2 years. The trial was described in detail elsewhere.[@R27]

Clinical and radiographic outcomes {#s2b}
----------------------------------

For this study complete sets of baseline demographic, serological and radiographic data, and clinical measures from 235 patients were analysed. Identification of clinical response to MTX monotherapy was done by using DAS28 based on ESR at 3-month follow-up (≤3.2: response; \>3.2: non-response).[@R29] We also analysed CRP (mg/L), ESR and DAS28-CRP. The thresholds for disease activity levels according to these measures were as follows: for DAS28-ESR, low ≤3.2, moderate 3.3--5.1 and high \>5.1[@R30]; for CRP, low ≤10 mg/L, moderate \>10--30 mg/L and high \>30 mg/L[@R31]; and for DAS28-CRP, low ≤2.7, moderate 2.8--4.1 and high \>4.1.[@R32] Categorisation of patients in ESR low, moderate and high disease activity groups was done by using tertiles of the measure (for results based on continuous variables and tertiles using other disease activity measures, see online supplementary figures S1 and S2, respectively). X-rays of the hands and feet were done at baseline and after 1 year, and the van der Heijde modified Sharp score (SHS) was calculated.[@R33] Patients whose SHS increased by more than five points from baseline to 1 year (ΔSHS\>5) were considered to have rapid RP (RRP).[@R34] [@R35] In addition, two other thresholds (ΔSHS\>0 and ΔSHS\>3) were analysed for comparison. In the analyses of RRP that follow, these 235 patients were treated as a single group because their results define the overall outcome of the SWEFOT tight control strategy for patients with recent onset RA.

Biomarker measurement and MBDA score {#s2c}
------------------------------------

The MBDA score was measured in baseline serum samples from the SWEFOT participants and is based on the following 12 biomarkers: vascular cell adhesion molecule 1, epidermal growth factor, vascular endothelial growth factor, interleukin 6, TNF receptor I, matrix metalloproteinases 1 and 3, bone glycoprotein 39 (YKL-40), leptin, resistin, serum amyloid A and CRP. These biomarkers were measured by electrochemiluminescence-based multiplexed immunoassays on the Meso Scale Discovery Multi-Array platform.[@R36] The measured levels for each of the 12 biomarkers were weighted and combined using a validated formula to derive the MBDA score (Vectra DA score), which ranges from 1 to 100. In this study, the following disease activity categories according to the MBDA score were used: low (\<30), moderate (30--44) and high (\>44).[@R22] [@R23]

Statistical analysis {#s2d}
--------------------

Descriptive statistics were prepared for demographics and baseline disease-related characteristics, including measures of disease activity. The association between RP at 1 year and each baseline disease activity measure was evaluated using univariate logistic regression. Wald\'s χ^2^ test (p\<0.05) and the estimated OR and corresponding 95% CI were used from the logistic model to assess the strength and direction of the association, respectively. Additionally, bivariate and multivariate logistic regression models were used to assess the association between RP and baseline MBDA score, while simultaneously accounting for potential confounders at baseline. For the multivariate analyses, we adjusted for all significant univariate predictors as in our recent report based on the same study populations.[@R37] The reported p values from these additional analyses were not adjusted for multiple testing. The difference in proportion of RP between patients with low/moderate and high MBDA score groups was compared by Fisher\'s Exact test. Probability plots were used to depict graphically the occurrence of RP over 1 year with patients stratified by the aforementioned baseline disease activity categories (low, moderate and high). Measures of sensitivity and specificity (positive predictive value and negative predictive value) were calculated to determine the degree to which the baseline MBDA score accurately predicts RP at 1 year.

Results {#s3}
=======

Description of the study cohort {#s3a}
-------------------------------

A total of 235 patients had complete radiographic, clinical and serological data for evaluation in this study ('study cohort'). Demographic and clinical data at baseline for these patients were similar to those for the overall SWEFOT trial population ([table 1](#ANNRHEUMDIS2013204986TB1){ref-type="table"}). Overall, the patients in the study cohort had a mean symptom duration of 6.1 months from diagnosis and moderate to high disease activity, as expected in an early-onset RA population.

###### 

Baseline characteristics and demographic data of patients from SWEFOT trial

  Baseline characteristics, mean (±SD)                                     All patients (n=487)\*   Subset of patients with clinical measures at baseline and radiographs at baseline and 1 year   p Value                       
  ------------------------------------------------------------------------ ------------------------ ---------------------------------------------------------------------------------------------- -------------- -------------- ---------
  Female, N (%)                                                            344 (70)                 169 (72)                                                                                       137 (71)       32 (74)        0.686
  Symptom duration (months)                                                6.2 (4.57)               6.1 (5.1)                                                                                      6.0 (5.38)     6.6 (3.61)     0.502
  Anti-CCP status, N (%)                                                                                                                                                                                                         0.075
   Positive                                                                275 (57)                 133 (57)                                                                                       103 (53)       30 (70)        
   Negative                                                                157 (32)                 92 (39)                                                                                        80 (42)        12 (28)        
   Not available                                                           55 (11)                  10 (4)                                                                                         9 (5)          1 (2)          
  RF status, N (%)                                                                                                                                                                                                               0.094
   Positive                                                                330 (68)                 153 (65)                                                                                       120 (63)       33 (77)        
   Negative                                                                152 (31)                 80 (34)                                                                                        70 (36)        10 (23)        
   Not available                                                           5 (1)                    2 (1)                                                                                          2 (1)          0 (0)          
  28 swollen joint count                                                   10.8 (5.28)              10.8 (5.31)                                                                                    10.7 (5.30)    11.0 (5.43)    0.807
  28 tender joint count                                                    9.6 (6.07)               9.3 (5.86)                                                                                     9.4 (5.99)     8.77 (5.25)    0.518
  ESR (mm/h)                                                               39.9 (25.9)              41.3 (26.9)                                                                                    38.5 (24.46)   53.9 (33.52)   0.001
  CRP level (mg/L)                                                         33.8 (36.81)             35.4 (38.37)                                                                                   32.5 (36.41)   48.3 (44.31)   0.018
  Patient\'s global assessment of disease activity (VAS 0--100 mm) score   56 (23.9)                55.4 (24.67)                                                                                   54.1 (24.96)   61.3 (22.70)   0.082
  DAS28                                                                    5.7 (1.01)               5.7 (1.02)                                                                                     5.7 (1.00)     5.9 (1.14)     0.107
  DAS28-CRP                                                                6.5 (1.22)               5.4 (0.99)                                                                                     5.3 (0.97)     5.5 (1.04)     0.237
  MBDA score                                                               58.6 (15.08)             59.6 (14.71)                                                                                   57.9 (14.68)   67.2 (12.38)   \<0.001
  SHS mean (median)                                                        4.5 (2)                  4.7 (2)                                                                                        4.3 (1)        6.5 (3)        0.126

\*For "All patients" column the number of missing patients: 28 swollen and tender joint count (n=2), ESR (n=5), CRP and patient\'s global assessment (n=3), DAS28 and DAS28-ESR (n=8), MBDA (n=185) and SHS (n=57).

anti-CCP, anti-cyclic citrullinated peptide; CRP, C-reactive protein; DAS, disease activity score; ESR, erythrocyte sedimentation rate; MBDA, multi-biomarker disease activity; RF, rheumatoid factor; SHS, Sharp--van der Heijde score; VAS, visual analogue scale.

Following 3 months of MTX therapy, 78 (33%) of the 235 patients in the study cohort responded to treatment and continued to receive MTX monotherapy per protocol and 157 (67%) did not respond and were randomised to receive triple DMARD therapy (group A) or MTX with infliximab (group B; [table 2](#ANNRHEUMDIS2013204986TB2){ref-type="table"}).

###### 

Radiographic progression over 1 year stratified by clinical response at 3 months of MTX monotherapy

                                                                       ΔSHS from baseline   ΔSHS≤0   ΔSHS\> 0   ΔSHS\>3    ΔSHS\>5   
  -------------------------------------------------------------------- -------------------- -------- ---------- ---------- --------- ---------
  Baseline MBDA score                                                                                                                
   Low (MBDA \<30, N=5)                                                0.8 (1.79)           0        4 (80)     1 (20)     1 (20)    0
   Moderate (MBDA 30--44, N=29)                                        1.1 (2.07)           0        19 (66)    10 (34)    4 (14)    1 (3)
   High (MBDA \>44, N=201)                                             3.4 (6.44)           1        92 (46)    109 (54)   67 (33)   42 (21)
  Radiographic assessment at 1 year by response to MTX at 3 months\*                                                                 
   Response to MTX (N=78)                                              2.1 (4.36)           0        40 (51)    38 (49)    15 (19)   10 (13)
   Non-response to MTX (N=157)                                         3.6 (6.70)           1        75 (48)    82 (52)    57 (36)   33 (21)
   Group A (N=77)†                                                     4.0 (6.90)           1        36 (47)    41 (53)    28 (36)   18 (23)
   Group B (N=75)†                                                     3.2 (6.71)           0        38 (51)    37 (49)    27 (36)   15 (20)
  Total cohort (N=235)                                                 3.1 (6.05)           1        115 (49)   120 (51)   72 (31)   43 (18)

The proportions represent patients within a certain ΔSHS range out of respective baseline MBDA subgroups or treatments groups.

\*Based on 235 patients with MBDA, DAS28-ESR, DAS28-CRP and CRP values at baseline plus radiographs at baseline and 1 year.

†Five of the 157 patients whose disease did not respond to treatment at 3 months did not undergo randomisation to group A (triple DMARD therapy) or group B (MTX+infliximab therapy).

CRP, C-reactive protein; DAS28-CRP, disease activity score based on C-reactive protein; DAS28-ESR, disease activity score based on erythrocyte sedimentation rate; MBDA, multi-biomarker disease activity; MTX, methotrexate, SD, standard deviation; SHS, Sharp--van der Heijde score.

RRP, defined as ΔSHS\>5 from baseline to 1 year, was observed for 43 of the 235 patients in the study cohort.

Baseline characteristics and RP {#s3b}
-------------------------------

Among baseline parameters, MBDA, ESR and CRP values were significantly higher in patients with RP versus those without (p\<0.001, p=0.001 and p=0.018 respectively; [table 1](#ANNRHEUMDIS2013204986TB1){ref-type="table"}). Mean changes in SHS from baseline to 1 year were 2.1 and 3.6 for the responder and non-responder groups, respectively and 13% of the responder group had RRP (ΔSHS\>5), compared with 21% in the non-responder group. Other thresholds including ΔSHS\>0 and ΔSHS\>3 were also tested (see online [supplementary table](http://ard.bmj.com/lookup/suppl/doi:10.1136/annrheumdis-2013-204986/-/DC1) S1).

Relationship between RP and baseline level of MBDA score, CRP, ESR or DAS28 {#s3c}
---------------------------------------------------------------------------

The discriminative capacity of the baseline MBDA score, CRP, DAS28 and ESR for RP is illustrated by cumulative probability plots of ΔSHS from baseline to 1 year ([figure 1](#ANNRHEUMDIS2013204986F1){ref-type="fig"} and see online [supplementary figure](http://ard.bmj.com/lookup/suppl/doi:10.1136/annrheumdis-2013-204986/-/DC1)s S1 and S2). The curve for the high MBDA group was markedly different from curves for the low or moderate MBDA groups ([figure 1](#ANNRHEUMDIS2013204986F1){ref-type="fig"}A). By contrast, curves for the three baseline CRP groups, two DAS28 groups and three ESR groups were more similar, with RRP being relatively frequent in all categories of these baseline measures ([figure 1](#ANNRHEUMDIS2013204986F1){ref-type="fig"}B--D, respectively). Mean ΔSHS values and frequencies of progression for other thresholds of ΔSHS followed the same trends across categories of MBDA score as observed for ΔSHS\>5 ([table 2](#ANNRHEUMDIS2013204986TB2){ref-type="table"}).

![Probability plots of radiographic progression at year 1 for high, moderate and low disease activity patient (N=235) grouped according to baseline MBDA (A), CRP (B), DAS28 (C) and ESR (D). Each black circle represents a patient with low disease activity, red triangle---moderate disease activity and blue square---high disease activity. Horizontal dashed line represents ΔSHS=5 from baseline to 1 year, above which the change is considered as rapid radiographic progression (ΔSHS\>5). DAS28, disease activity score; ESR, erythrocyte sedimentation rate; MBDA, multi-biomarker disease activity; SHS, Sharp--van der Heijde score.](annrheumdis-2013-204986f01){#ANNRHEUMDIS2013204986F1}

Discordance between MBDA scores and clinical assessments: relationship to RP {#s3d}
----------------------------------------------------------------------------

As illustrated in [figure 2](#ANNRHEUMDIS2013204986F2){ref-type="fig"}, none of the patients had low DAS28-ESR or DAS28-CRP at baseline (because of the trial inclusion criteria), but among those with moderate DAS28-ESR/CRP and low/moderate CRP, approximately 15% developed RP during 1 year ([figure 2](#ANNRHEUMDIS2013204986F2){ref-type="fig"}A--C, respectively). While all patients with low MBDA score had low CRP and no RP, a high MBDA score was observed in 59% (42/71) of patients with low CRP and all rapid progression associated with low CRP (n=10) occurred in the high MBDA subgroup ([figure 2](#ANNRHEUMDIS2013204986F2){ref-type="fig"}C). Thus, almost all patients with RP (42 of 43 cases) belonged to the high MBDA group (n=201) and represented 21% of that group versus only one case of progression (3.4%) among patients with moderate (n=29, p=0.021), and none among patients with low MBDA score ([figure 2](#ANNRHEUMDIS2013204986F2){ref-type="fig"}D).

![Cross tabulation of all analysed patients (N=235) and subset (n=43) with rapid radiographic progression (ΔSHS\>5) over 1  year, by baseline disease activity measures. The denominator in each cell represents the number of patients cross classified by baseline MBDA score and DAS28-ESR (A), baseline MBDA score and DAS28-CRP (B) and baseline MBDA score and CRP (C) disease activity scores. The numerator in each cell represents the number of patients with radiographic progression at 1 year. (D) Radiographic progression for MBDA low, moderate and high score groups (%). Radiographic progression at 1 year is defined by increase in SHS\>5 compared with baseline. CRP, C-reactive protein; DAS28-CRP, disease activity score based on C-reactive protein; DAS28-ESR, disease activity score based on erythrocyte sedimentation rate; MBDA, multi-biomarker disease activity; SHS, Sharp--van der Heijde score.](annrheumdis-2013-204986f02){#ANNRHEUMDIS2013204986F2}

The accuracy of the baseline MBDA score to predict RP at year 1 was assessed by calculating measures of sensitivity and specificity (see online [supplementary table](http://ard.bmj.com/lookup/suppl/doi:10.1136/annrheumdis-2013-204986/-/DC1) S2 and text S1). Additionally, the relationship between RP and baseline MBDA score was further examined in the subgroup of patients with high baseline scores (\>44) (see online [supplementary figure](http://ard.bmj.com/lookup/suppl/doi:10.1136/annrheumdis-2013-204986/-/DC1)s S3 and S4).

Disease activity at baseline for predicting RRP {#s3e}
-----------------------------------------------

Univariate analyses of the radiographic subgroup (n=235) demonstrated significant associations with RRP, defined as ΔSHS\>5 units in 1 year, for baseline MBDA score (the odds of RP increased by 5% for each 1-unit increase in the MBDA score: OR=1.05, p\<0.001) and baseline CRP (OR=1.10, p=0.018) but not for baseline DAS28-ESR (OR = 1.31, p=0.107) or DAS28-CRP (OR = 1.22, p=0.237) ([table 3](#ANNRHEUMDIS2013204986TB3){ref-type="table"}). Further analyses of the high MBDA subset also confirmed that odds for RP is doubled in patients whose MBDA score is above 65 compared with those whose MBDA score is \>44--65 (see online [supplementary figure](http://ard.bmj.com/lookup/suppl/doi:10.1136/annrheumdis-2013-204986/-/DC1) S4).

###### 

Univariate, bivariate and multivariate analyses of baseline MBDA score, DAS28 and CRP as predictors of 1-year radiographic progression

                                                                                                                              OR\*   95% CI            p Value†
  --------------------------------------------------------------------------------------------------------------------------- ------ ----------------- ----------
  Univariate analyses                                                                                                                                  
   Baseline MBDA score                                                                                                        1.05   (1.02 to 1.08)    \<0.001
   Baseline DAS28-ESR                                                                                                         1.31   (0.94 to 1.81)    0.107
   Baseline DAS28-CRP                                                                                                         1.22   (0.88 to 1.71)    0.237
   Baseline CRP (mg/L)                                                                                                        1.10   (1.02 to 1.18)    0.018
  Bivariate models                                                                                                                                     
   Baseline MBDA adjusted for DAS28-ESR                                                                                       1.05   (1.02 to 1.08)    \<0.001
   Baseline MBDA adjusted for DAS28-CRP                                                                                       1.05   (1.02 to 1.09)    \<0.001
   Baseline MBDA adjusted for CRP                                                                                             1.06   (1.02 to 1.10)    0.002
   Baseline MBDA adjusted for ESR                                                                                             1.04   (1.01 to 1.07)    0.021
   Baseline MBDA adjusted for rheumatoid factor                                                                               1.05   (1.02 to 1.08)    \<0.001
   Baseline MBDA adjusted for CCP status                                                                                      1.05   (1.03 to 1.08)    \<0.001
   Baseline MBDA adjusted for total swollen joint count                                                                       1.05   (1.02 to 1.08)    \<0.001
   Baseline MBDA adjusted for total tender joint count                                                                        1.05   (1.02 to 1.08)    \<0.001
   Baseline MBDA adjusted for global assessment of disease activity                                                           1.05   (1.02 to 1.08)    \<0.001
   Baseline MBDA adjusted for SHS                                                                                             1.05   (1.02 to 1.08)    \<0.001
   Baseline MBDA adjusted for symptom duration                                                                                1.05   (1.02 to 1.08)    \<0.001
   Baseline MBDA adjusted for sex                                                                                             1.05   (1.02 to 1.08)    \<0.001
  Multivariate model‡                                                                                                                                  
   Baseline MBDA adjusted for sex, symptom duration, baseline erosions, current smoking status, HAQ score                     1.05   (1.02 to 1.08)    \<0.001
   High (\>44) baseline MBDA score adjusted for sex, symptom duration, baseline erosions, current smoking status, HAQ score   3.86   (1.04 to 14.26)   0.04

\*The OR was estimated from a logistic regression model. The logistic model is estimating the probability of radiographic progression at 1 year. For the univariate model, the odds of radiographic progression increases by 5% for every 1-unit increase in the baseline MBDA score. When accounting for other disease activity measures individually (bivariate models), the odds of radiographic progression increase in a cumulative manner, approximately 4--6% for every 1-unit increase in the baseline MBDA score.

†p Value was calculated using Wald\'s χ^2^ test.

‡Multivariate model adjusted for significant univariate predictors of 1-year radiographic progression (n=207), as in Saevarsdottir *et al*.[@R37]

CCP, cyclic citrullinated peptide; CRP, C-reactive protein; DAS28-CRP, disease activity score based on C-reactive protein; DAS28-ESR, disease activity score based on erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; MBDA, multi-biomarker disease activity; SHS, Sharp--van der Heijde score.

In bivariate analyses that adjusted the MBDA scores for 11 different clinical variables and for sex, one at a time, the baseline MBDA score was always an independent predictor of RRP (OR values: 1.04--1.06, p values: 0.021 to \<0.001).

Furthermore, MBDA score as a continuous variable was a strong independent predictor of RRP after 1 year (OR=1.05, p\<0.001; [table 3](#ANNRHEUMDIS2013204986TB3){ref-type="table"}), using a multivariate logistic regression model with adjustment for all significant baseline predictors from univariate analyses (sex, symptom duration, current smoking status, erosions, Health Assessment Questionnaire score), as in our recent publication.[@R37] When dichotomised into high MBDA score versus not, the adjusted OR for RRP after 1 year was 3.86 (p=0.04).

Discussion {#s4}
==========

In this post hoc analysis of the SWEFOT trial we demonstrated that in DMARD-naïve patients with eRA, baseline serum levels of the 12-biomarker MBDA score may predict those that are at low versus relatively higher risk of RP (0%, 3.4% and 21% RP among patients with low, moderate and high MBDA score, respectively). Our results also indicate that baseline MBDA scores discriminate risk for subsequent RP in SWEFOT more effectively than the baseline CRP or DAS28. Furthermore, MBDA score, both on a continuous and dichotomised (high vs low/moderate), scale was found to be an independent predictor of RP after adjustments for other predictors in this study population.

Early identification of patients with RA whose condition is likely to have a good or poor response to the treatment is very important for the optimal choice of the therapy. However, good clinical response does not guarantee good radiographic outcome.[@R38] Therefore, predictors of clinical and radiographic response are vital for patients' long-term outcome.

We evaluated baseline MBDA score as a predictor of 1 year RP, which was measured as the change in SHS. The definition of RP according to ΔSHS varies in different clinical studies. Van der Helm-van Mil *et al*[@R23] used ΔSHS\>3 as the main definition for progression, though ΔSHS\>0 and ΔSHS\>5 were also applied for comparison. Vastesaeger *et al*[@R34] tested different threshold values for RP from ΔSHS\>0 to ΔSHS≥9 and found that ΔSHS≥5 was a suitable definition for RRP. Bruynesteyn *et al*[@R35] showed that ΔSHS≥5 had 83% specificity for the smallest detectable difference in RP. Therefore we applied a threshold of ΔSHS\>5 for RRP.

Previously, the MBDA score was evaluated and cut-offs were established for 'molecular remission' (≤25), low (\<30), moderate (30--44) and high (\>44) disease activity scores.[@R22] [@R23] As it was designed, the MBDA score is significantly associated with such disease activity measures as DAS28-CRP, DAS28-ESR, ESR, CRP, simple disease activity index and clinical disease activity index.[@R22] [@R25] [@R26]

The relationship between MBDA score and RP has been investigated in other settings. In the CAMERA trial, the MBDA score was predictive of RP with borderline significance after adjustment for rheumatoid factor and baseline erosions.[@R25] In that study, baseline MBDA score was compared with RP over 2 years and ΔSHS\>0 was used as the cut-off. Perhaps most importantly, the sample size (n=72) in that study was smaller. Van der Helm-van Mil *et al*[@R23] showed that a greater proportion (93%) of patients with MBDA≤25 ('molecular remission') had no progression (SHS≤3) compared with patients in DAS28-CRP (\<2.32; 80%) or American College of Rheumatology (ACR)/European League Against Rheumatism (EULAR) (28 tender joint count, 28 swollen joint count, patient\'s global assessment and CRP≤1; 83%) remission. Moreover, the difference in the proportion without progression was only significant (p=0.001) for remission vs non-remission groups based on the MBDA score (but not when based on the DAS28-CRP or ACR/EULAR definitions of remission). Furthermore, their study showed that patients with high MBDA score were at sixfold higher risk of RP (ΔSHS\>3) than those in MBDA remission. Finally, the proportion with RP in the DAS28-CRP remission group who had a high MBDA score (47%) was twice as high as it was in all patients that met DAS28-CRP remission (20%) criteria.[@R23] Although that study was based on the Leiden Early Arthritis Cohort, the samples were obtained at different time points during the disease course, while patients were already on established DMARD therapy, and it therefore conceptually addresses a different question compared with our study. Moreover, 20% of patients from the former study, compared with only 2% from our study cohort, had remission or low disease activity by MBDA, consistent with the fact that the former were on stable DMARD therapy while patients in SWEFOT were DMARD naïve at inclusion. However, one important finding in these two studies is similar, namely that the MBDA score is a stronger predictor of 1-year RP than DAS28-CRP.

In the current study, patients with low or moderate MBDA score (≤44) were shown to be at low risk of RP. Furthermore, when adjusted for commonly used markers and gender in bivariate and multivariate logistic regression analyses, the findings remained, indicating independence of the MBDA association with RP. We also demonstrated that MBDA score differentiated patients without progression from those with progression better than CRP. Sensitivity and specificity analysis revealed a strong negative prediction (radiographic non-progression). However, positive predictive value and specificity were very low, indicating that, though having relatively higher risk, the majority of patients with high MBDA score still did not progress radiographically over 1 year. These data suggest that baseline MBDA score might be used for identification of patients at lower risk of progression and will help in appropriate choice of therapy for patients with a high MBDA score and at risk of RP.

Our study has some limitations. Since patients with low DAS28 were not included in the SWEFOT trial; it was not possible to analyse the predictive value of the MBDA score in this patient group. Also it should be noted that as a randomised control trial, the SWEFOT study does not fully represent the RA population. However, it was designed to be as close to a real-life eRA population as possible, with the only major inclusion criterion being DAS28\>3.2. The study is a post hoc analysis of the SWEFOT trial, which was designed primarily for comparison of biological and non-biological combination DMARD therapies. During the trial some patients had to switch from one drug to another for different reasons (lack of efficacy, side effects), and such switches could affect radiographic outcomes. However, any changes made in response to a lack of efficacy would most likely attenuate any true differences between the groups.

The strengths of this study were that it was based on a prospective, randomised trial, with a generous sample size, and that all the analyses presented here are based on the baseline clinical characteristics and the baseline MBDA score, information that could in principle be available to the clinician when making the first decision regarding therapy.

It will be important to study the predictive value of the MBDA score at additional time points for even longer follow-up times of clinical and radiographic data.

In conclusion, in DMARD-naïve patients with eRA, low/moderate MBDA score at baseline was shown to be associated with a very low risk of RP after 1 year. If confirmed in other studies, these data suggest that MBDA score can be useful in risk assessment for RP in eRA.
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